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ABSTRACT
This report presents the outcomes of task 5.5 of the Level UP project, funded by the
European Commission’s Horizon 2020 framework. The task aims to provide the tools for
the pilot lines to optimize the environmental performance of large-scale industrial
equipment, by supporting decisions on life extension of the entire machines and their
components and providing the guidance on best practices for the disposal of components
and materials.

Abstract

Three tools were developed: an environmental assessment tool, which provides an overall
view of the life cycle environmental impact and costs of the manufacturing and operations
of the machines and the benefits of life extension of the entire machine and components; a
repair assessment tool, which evaluates the environmental and economic benefits of
repairing components over replacing them; and a waste management tool, which provides
regulatory and best practice information on the waste management of different waste
streams of materials contained in the machines.
The environmental assessment tool is based on a streamlined life cycle assessment
approach, and both the environmental assessment and repair assessment tools model
environmental impact based on data from Ecoinvent v3.5. The tools were developed based
on data provided by pilot lines ESMA-FAGOR, TOSHULIN, ISOKON, and
MARLEGNO, as well as AIMEN and INEGI, and are designed to easily adapt to different
types of large industrial equipment and scenarios.
Initial results highlight that extending the life of large industrial equipment results in
significant savings in terms of environmental impact and waste generated. However, these
benefits should always be considered in the context of the life cycle impacts, and
particularly energy consumption, which is often the largest contributor to the
environmental impact of the machines considered in the project.

Keywords

Environmental assessment, life extension, circular economy, life cycle assessment

.
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1

Executive summary

This report presents the outcomes of task 5.5 of the Level UP project, funded by the European Commission’s
Horizon 2020 framework. The task aims at providing tools for the pilot lines to optimize the environmental
performance of large-scale industrial equipment, by supporting decisions on life extension of the entire
machines and their components and providing the guidance on best practices for the disposal of components
and materials.
The approach to this task is based on circular economy principles, and aligned with European Waste
Framework, which prioritises keeping products in use, repair, refurbishment, and remanufacturing, over
recycling, which although beneficial compared to energy recovery or landfilling, only recovers part of the
materials for reuse.
The tools developed are designed to support large industrial equipment manufacturers and operators to define
a cost-effective and environmentally sound material strategy, while their built-in flexibility allows users to
quickly adapt them to changing requirements as well as model the impacts of the hypothetical scenarios.
The tools developed for the project are:
-

-

Environmental assessment tool: which allows pilot lines to compare life extension scenarios of large
industrial equipment. The tool is based on a streamlined LCA approach, to comprehensively evaluate
environmental impacts while remaining flexible and easy to use. It also allows to include and compare
economic costs and savings of the alternatives for a complete picture
Repair assessment tool: focused on evaluating in detail the environmental benefits of the innovative
repair techniques pioneered in the Level UP project
Waste management tool: aimed at supporting pilot lines in the end-of-life management of their
machines based, this tool gives information on the applicable regulations, compliance procedures, and
suggests alternatives with a better environmental impact, based on the type of fractions and materials
composing the machines as well as the country of operation.

The tools were developed based on data provided by the pilot lines ESMA-FAGOR, TOSHULIN, ISOKON,
and MARLEGNO, and the repair tool is based on data provided by INEGI and AIMEN. While the data
provided served to shape the tools both in terms of functionality and scope, their flexible allows them to be
applied to a wide range of large industrial equipment. The waste management tool provides regulatory and
procedural indications not for the machines directly, but for the large scope of materials and fractions which
compose them. As a result, its potential scope became considerably broader, and its design allows to add any
number of materials flows or target countries to it.
Initial results highlight that extending the life of large industrial equipment results in significant savings in
terms of environmental impact and waste generated. However, these benefits should always be considered in
the context of the life cycle impacts, and particularly energy consumption, which is the largest contributor to
the environmental impact of the machines considered in the project.
The next steps are the implementation of the environmental assessment tool into the Decision Support System,
developed by ATLANTIS, in order to make the tool easier to use and to work in conjunction with the other
tools developed by the LEVEL UP project, in particular, the in-depth Cost Benefit Analysis developed by TAU
for the project. The potential for exploitation of the tools beyond the Level UP is being evaluated.
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2

Introduction

The Level UP project seeks to extend the use life of large industrial equipment by optimizing their use and
pioneering innovative repair and remanufacturing technologies. Life extension directly results in the
prevention of waste being generated and is thus aligned with the European Waste Framework Directive, which
lays out the basic waste management principles of the European Union.1 The directive explains when waste
ceases to be waste and becomes a secondary raw material, while also introducing responsibility principles,
such as Polluter pays and Extended producer responsibility. It also establishes an order of priorities in terms
of the waste management options and secondary resources management, identifying prevention as the top
priority (Figure 1). Keeping products in use has also been identified by the Ellen MacArthur Foundation as
one of the three principles of the circular economy.2

Figure 1. Waste Framework Directive
diagram illustrating the priorities for the
management of resources, where
prevention of waste generation is
preferred. Source:
https://ec.europa.eu/environment/topics/
waste-and-recycling/waste-frameworkdirective_en

Evaluating environmental impact and benefits of life extension requires a broader perspective than waste
reduction. Understanding the benefits of extending the life of large industrial equipment requires estimating
the impact not only in terms of materials used for manufacturing the machine and waste generated, but also
over other phases of the life cycle, such as the energy consumed during the use phase, or the emissions
associated with transport and repair activities.
For example, if extending the life of a product results in a change in the energy efficiency, this would affect
the overall environmental impact and therefore should be considered. For this reason, a life cycle assessment
approach was the foundation of the tool developed.
Life cycle assessment “addresses the environmental aspects and potential environmental impacts (e.g. use of
resources and the environmental consequences of releases) throughout a product's life cycle from raw material
acquisition through production, use, end-of-life treatment, recycling and final disposal (i.e. cradle-to-grave)”
(ISO)3, and thus ensures that environmental burdens are not shifted from one part of the life cycle to another.
In task 5.5, the following life cycle stages were considered with the aim of evaluating the environment impact
of large industrial equipment:
-

Raw material extraction: extraction of the raw materials and their processing (e.g. mining and refining)

-

Production and processing

-

Distribution – transporting of the components and products to the location where they are used

-

Use phase: the use of the product and associated impacts (e.g., energy consumed during the use phase,
oils and waste produced)

1

https://ec.europa.eu/environment/topics/waste-and-recycling/waste-framework-directive_en
https://www.ellenmacarthurfoundation.org/circular-economy/concept
3
ISO 14040:2006(en) Environmental management — Life cycle assessment — Principles and framework. Amended by ISO
14040:2006/AMD 1:2020. In the context of circular economy, specific standardization activities are ingoing in ISO/TC 323,
Circular economy, https://www.iso.org/committee/7203984.html, to develop frameworks, guidance and additional
supporting tools.
2
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-

End of life: the processes involved in recovery or disposal of products, components, and materials

In the context of the circular economy, the life cycle stages are often represented in a cycle, where the end of
life is linked with material sourcing, through recycling processes, as in Figure 2.

Figure 2. Illustration of life cycle stages with material recovery through recycling at the end of the life of the
products.
As mentioned above, the Level UP project focuses on life extension through maintenance, remanufacturing,
modernising and repair, resulting in the machines being kept in use for longer, and maximising the utility of
the components and materials. This is illustrated in Figure 3:

Figure 3. The life cycle stages in a circular economy as enabled by the recovery processes pioneered by the
Level UP project

Approach for Task 5.5
Considering the above, Sofies aimed produce a set of tools to allow pilot lines to assess the environmental
benefits of life extension and repair of components, and to support the management of waste components and
materials.
While assessment of the benefits is important, special attention was given to presenting these results in a
form that support the decision making around life extension, and was also practical and easy to use, ensuring
that its use in real life situations.
Toward these aims, the following tools were created:

LEVEL-UP | GA n. 869991
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-

-

Environmental assessment tool, which allows pilot lines to compare life extension scenarios of large
industrial equipment. The tool is based on a streamlined LCA approach, to comprehensively evaluate
environmental impacts while remaining flexible and easy to use. It also allows to include and compare
economic costs and savings of the alternatives for a complete picture
Repair tool, focused on evaluating in detail the environmental benefits of the innovative repair
techniques pioneered in the Level UP project
Waste management tool, aimed at supporting pilot lines in the best treatment for the different types of
materials in their machines, and in the different geographical locations where the machines are based

Through these three tools, Task 5.5 contributes to the circular economy effort of keeping products and
components in use for longer, and managing and recycling materials when they become waste. In the next
sections, the tools are presented in more detail, the methodology used, as well as how to use them and how to
interpret the results.

LEVEL-UP | GA n. 869991
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3

Environmental Assessment Tool

3.1 Introduction and method
The Environmental Assessment Tool was developed to allow pilot lines to compare the environmental impact
of scenarios of life extension of machines and components. The comparison supports informed decisionmaking regarding replacing specific parts and components of a machine versus replacing the entirety of the
machine for a new one, considering economic and environmental impact aspects. The tool uses LCA data from
Ecoinvent V, while data about press components and energy consumption was obtained from the pilot lines.
3.1.1 Scope of the environmental analysis
In this section, the scope of the environmental analysis performed using the environmental assessment tool
will be outlined. The life cycle stages considered in the analysis were the following:
•

Manufacturing (including the impacts of resource extraction and processing of raw materials

•

Distribution – the transportation of the pilot line components from manufacturing to use location

•

Use phase impacts: energy consumption and other auxiliary materials consumed during the use of the
production line

•

End of life: modelled as avoided impacts, which means that when the materials reached the end of life,
for those that is possible to recycle, and which usually are, such as steel and copper, it was assumed
that they were recycled and the benefit of this was quantified. Support on regulations on waste and
quantities of waste produced are provided in the End of life and Repair tools, respectively.

The following life cycle stages were considered in the analysis:

Figure 4. Scope of the analysis. The diagram shows the phases of the life cycle that were considered in the
study.
Figure 4 shows the life cycle stages considered in the study. The Environmental assessment tool’s
streamlined approach aimed to capture the main contributors to the environmental impact of the large-scale
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industrial equipment considered in the project. The lines in green represent component repair and upgrading
or refurbishment, which were treated in more detail in the repair assessment tool.
3.1.2 Estimating environmental impact and the benefits of life extension
The environmental impact for materials and energy was calculated by identifying material and energy source
types and quantities, and combined with the material and energy factors, obtained from Ecoinvent (ML-IA
baseline V3.05 / EU25). The product of the quantities and factors for the different impact categories considered
(see list below) are presented per phase of the life cycle. Figure 5 below summarises the methodology.

Identification of
materials
or energy types used

Material and energy
factors

Calculation of impacts by
multiplying factor by
quantity per material or
energy type

Results for different impact categories

Figure 5. Diagram summarising the methodology employed in the tool. Different materials and energy types
used in the different phases of the lifecycle were identified and quantified, and environmental impact was
estimated based on environmental impact factors, obtained from EcoInvent. The full list of impact categories
considered in the study are listed in Section 3.1.1.
Keeping products, components and materials in use for longer reduces the need to manufacture these again.
At the same time, in this large production lines that are highly energy intensive, it’s important to consider any
potential energy efficiency changes. In order consider all these factors, two entire lives are considered for the
production lines, as illustrated in the figure below:
New components, repair and
refurbishment inputs
Scenario life extension
Repair
Refurbishment
Upgrade/modernisation

Press A 1st life

Press A 2nd life
Some used components
and materials to waste

Scenario new press
Machine is replaced by an
equal or more modern
version

Press A 1st life
New machine
à All components
replaced

Press B 1st life
Old machine to waste

Figure 6. Illustration of life extension scenarios for a press.
In the life extension scenarios the production line, in this case a press, is kept in use while some components
are replaced. In the second scenario, the press is replaced by a new one after the first life, which is modelled
as all components of the press being replaced. The energy consumption and other use phase parameters may
change between newer and older models of the press, as well as through upgrades and retrofitting. As will be
shown in the results section, these can have a very significant impact on life extension decisions.
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3.1.3 Impact categories considered
The LCA assessment method used is CML-IA baseline V3.05 / EU25. The following impact categories were
considered:
-

Global warming emissions: Indicator of the global warming effect of gasses emitted during the
lifecycle of the press

-

Eutrophication: indicator of emissions of nitrogen or phosphor that end in aquatic ecosystems and
cause an unbalance in the water body

-

Human toxicity: Indicator of substances that are toxic to humans that are emitted during the lifecycle
of the product

-

Photochemical oxidation: indicator of gases emitted that increase the creation of smog in the lower
atmosphere

-

Abiotic depletion: Indicator of the consumption of natural resources (e.g. minerals)

-

Abiotic depletion (fossil fuels): Indicator of the consumption of fossil fuels

-

Freshwater aquatic ecotoxicity: Indicator of the emissions that are harmful to aquatic ecosystems

-

Terrestrial ecotoxicity: Indicator of the emissions that are harmful to terrestrial ecosystems

-

Ozone layer depletion: Indicator of emissions that cause the destruction of the ozone layer in the
stratosphere

-

Cumulative energy demand: Indicator of the total energy consumed during the lifecycle of the
product

3.1.4 Material and energy impact factors
The Ecoinvent impact modules used for the materials, energy and processes are listed in Annex 1: Material
Impact Factors.
3.2 Using the tool
The tools were developed based on the types of production lines and the data formats of the different companies
participating in the project. The tools were also tailored to specific needs and therefore will have some
variations. The user manual presented here focuses on the main functionalities of the tool which apply to all
variations.
The tool is divided in four main parts:
-

Impact factors;

-

Data inputs from pilot lines;

-

Control panel;

-

Results.

The impact factors are composed of four tabs which contain environmental factors used in the LCA calculation
for the impact categories mentioned in 2.1. The information is outlined for material factors,4 end-of-life
material factors, energy factors (vary per country) and transport5 factors, and should not be altered by the pilot
lines. In the data inputs tab, each pilot line is required to provide information regarding the machines and
presses to be assessed. The data inputs are related to the machines’ components, including its material types
and weight of each material; use phase energy consumption; product distribution, including type of transport
and distance; and costs related to maintenance and spare parts. The environmental impacts of different
scenarios can be assessed in terms of lifetime of the machine (”by lifetime”) or in terms of each piece produced
(”by productivity”). All life cycle stages are included in the scope, from manufacturing, to transport, use phase,
and end of life. This is controlled in the control panel tab, as well as the lifecycle span of each machine. The
4

The materials assessed are: Aluminium, Brass, Bronze, Cataliser, Copper, Foundry, Paint, Plastic, Printed Circuit Board,
Steel and Zinc.
5
The transport modes assessed are sea, road – very large lorry and road – large lorry.
LEVEL-UP | GA n. 869991
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control panel also allows pilot lines to select which components would be replaced at the decision-making
moment, and whether they would be recycled or not. In cases of two dies in operation at the same press, the
control panel allows to define the fraction of time that each die is operating during the first and the second life.
The results are shown in the control panel tab.
3.3 User Manual
In this section, it will be provided a deeper look into the tool and explained how to use it to compare the
environmental impacts of different scenarios.
The environmental assessment tool is divided in 14 excel tabs, as described below.
1. Information: presents basic information about the project and the European Commission Horizon 2020
framework.
2. Control panel and visualization: allow users to control variables, define scenarios and visualize results.
3. Data input: users are required to input data about machines, auxiliary materials, transport, and energy
consumption in order to enable the calculations.
4. Env. Results: calculates the environmental impacts of the defined scenarios for the mode “impact by
time”. This tab is automatic and should not be altered by users of the tool.
5. Env. R. Productivity: calculates the environmental impacts of the defined scenarios for the mode
“impact by productivity”. This tab is automatic and should not be altered by users of the tool.
6. Ec. Results: calculates the energy consumption impacts of the defined scenarios for the mode “impact
by time”. This tab is automatic and should not be altered by users of the tool.
7. Ec. R. Productivity: calculates the energy consumption impacts of the defined scenarios for the mode
“impact by productivity”. This tab is automatic and should not be altered by users of the tool.
8. Env BoMs Prod.: calculates the material composition multiplied by environmental impact factors to
obtain the recycling and manufacturing impacts.
9. Material EI factors: contain the factors of each impact category of the LCA for different materials.
The factors are from the EcoInvent database. No action is required in this tab unless the user wishes
to alter the factors to be considered in the calculations.
10. Material EI factors: contain the environmental factors of each impact category of the LCA for different
materials. The factors are from the Ecoinvent database. No action is required in this tab unless the user
wishes to alter the factors to be considered in the calculations.
11. EoL Material EI factors: contain the environmental factors of each impact category of the LCA for
different materials at the end-of-life. The factors are from the EcoInvent database. No action is required
in this tab unless the user wishes to alter the factors to be considered in the calculations.
12. Energy EI factors: contain the environmental factors of each impact category of the LCA for energy
consumption in different countries. The factors are from the EC Reference Scenario EU 2016 mix with
lifecycle impacts from Simapro (data for 2020). No action is required in this tab unless the user wishes
to alter the factors or add countries to be considered in the calculations.
13. Transport EI factors: contain the environmental factors of each impact category of the LCA for
different transport alternatives. The factors are from the EcoInvent database. No action is required in
this tab unless the user wishes to alter the factors to be considered in the calculations.
14. Lists: lists to be made available in the dropdown menus in the control panel.
tool is based on a color code scheme, where the cells marked in yellow are to be filled by the pilot lines, while
the grey cells should not be changed.
3.3.1 Data input
This section focuses on the “Data input” tab of the environmental assessment tool. This tab allows the users to
input the components, material composition, energy consumption, and other auxiliary materials used in the
machine. These are pre-filled by the project team, however we encourage users to check and verify the
information.
LEVEL-UP | GA n. 869991
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1. Define the components of the machine to be evaluated.
In “1. Product’s Bill of Materials”, add in the yellow cells the components name, main materials of the
component (one material per line) and the weight in kg of the material (e.g. the plastic weight of the component
‘cabezal’). If wanted, it is possible to add the source of the information, although this information is not
required for the functioning of the tool.

2. Define product distribution
In “1B. Product Distribution”, add in the yellow cells the location of the origin plant and the destination, the
total distance in Km between the two locations and the type of transport used. There should be different lines
for each distance and type of transportation.

3. Define auxiliary materials
In “2. Auxiliary Material”, add in the yellow cells in the first column (as per picture below) the auxiliary
materials in use during each life of the machine. For the first life, input the quantity (in liters) used of each
material and the number of hours until exchange. For the second life, input the quantity (in liters) used of
each material and the levels of productivity and efficiency to be considered in relation to the first life. These
steps should be done both for scenario A and for scenario B. The liters per year used will be calculated
automatically in the grey cells.

LEVEL-UP | GA n. 869991
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4. Define use phase energy consumption
In “3. Use phase energy consumption”, there are currently 4 ways to input data. Choose the one that is better
suited for the pilot line.
a) Per cycle
In case of energy consumption assessed in terms of energy per cycle, use the “per cycle” input method. Add
in the yellow cells the name of the presses to be considered, the energy consumption per cycle (kWh) for
each press, the SPM per press and the parts per cycle per press. The other numbers will be calculated
automatically in the grey cells.

b) Per spm
In case of energy consumption assessed in terms of energy per spm, use the “per spm” input method. Add in
the yellow cells the name of the presses to be considered, the mean power (kW) for each press, the energy
consumption per part (kWh) for each press, the SPM per press and the parts per stroke per press. On
“assumptions spm”, determine the fraction of the time the press being assessed is working. This number
should be a fraction of the hours per year. The other numbers will be calculated automatically in the grey
cells.

c) Per operations

LEVEL-UP | GA n. 869991
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In case of energy consumption assessed in terms of time consumed in each step of the production operations,
use the “per time” input method. First, add in the yellow cells in the first column (as per picture below) the
steps of the production operations. Then, input the kW consumed during each step (the number of hours per
year used in each step are controlled in the “Control panel and visualization” tab and will be discussed in
further detail in section 2.3.2). The tool also allows for a more detailed breakdown of steps, as seen for
“operations” in the picture below. In this format, it is possible to input the kW consumed and the fraction of
time dedicated to each operation’s step. The same procedure of filling the information in the yellow cells
should be done for life 2 of the machine. The kWh/year of each production’s step will be calculated
automatically in the grey cells.

To obtain the number of pieces produced per year, fill in the yellow cells of life 1, as shown in the box below
(pieces produced per day, level of productivity to be considered and efficiency to be considered. The number
of pieces produced per year, as well as the information for the second life, will be calculated automatically in
the grey cells. These steps should be done for both scenario A and scenario B.

3.3.2 Control panel and Visualization
This section focuses on the “Control panel and Visualization” tab of the environmental assessment tool. This
tab allows the users to control the overall factors affecting the environmental assessment, define scenarios and
choose which machines and pieces are going to be assessed. These are pre-filled by the project team, however
we encourage users to check and verify the information.
1. Select the machines and dies in use during each use phase.

LEVEL-UP | GA n. 869991
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Use the dropdown menu available on the top of the tab to select the combination of machines and dies to be
considered for the first and second life.

2. Select mode of impact
Use the dropdown menu available on the top of the tab to select which mode of impact the evaluation should
consider. The “impact by time” will consider the environmental impacts of the lifetime of the machines,
while the “impact by productivity” will consider the environmental impacts per piece produced by the
machine.

3. Select mode of energy input
Use the dropdown menu available on the top of the tab to select which mode of energy input the evaluation
should consider. The “Machine/Dies” mode will consider information inputs per machine (“per cycle” and/or
“per spm” as described in 2.3.1) and the “Operations” mode will consider information inputs per operations’
steps (“per operations” as described in 2.3.1).

4. Set up the scenarios
Fill in the yellow cells on the scenarios area the information for:
-

The fraction of time that each die/press (Press 1 and Press 2) is used, both during the first and second
life. In case of only 1 press being evaluated, the value for “Press 2” should be 0%;

-

Hours per year dedicated to each operational step (standby, stopped and operating);

-

Use life of the machine, in years, for both first and second life;

-

The country of where the pilot line is located (this will be used to determine energy factors);

-

The productivity and efficiency to be considered during second life (relevant in case of reducing
efficiency or productivity when replacing a piece or changing the machine).

LEVEL-UP | GA n. 869991
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5. Define the components to be replaced and recycled
For each scenario, define with “yes” or “no” from the dropdown menu which of the components are present
in the machine. This is relevant when a longer list of components has been added to the tool, or when the
intention is to focus the analysis on specific components only. Then, mark “yes” or “no” to the component
being replaced after first life. Important note: marking all “yes” will indicate that the whole machine will be
replaced. The last step is to define if the components will be recycled (i.e. will be sent to a recycling facility)
after being replaced. The recycling of components will only be considered in calculations in case both
“component replaced after 1st life” and “component recycled” are marked as “yes”. This step should be done
for both Scenario A and Scenario B.

3.3.3 Impact Factors
This section focuses on the impact factor tabs of the environmental assessment tool. The impact factor tabs
contain information about the factors of each impact category of the LCA for different materials. Currently,
the factors used are from the EcoInvent database. It is possible for users to review the impact factors used and
modify as desired so that the tool reflects different factors.
As an example, if the user would like to update energy factors for some country, it could be done so by
replacing the current factors with the updated number in the tab “Energy EI factors”. The energy mixes used
to model these results were based on the Reference scenario: EU Reference Scenario 2016. 6 The full energy
environmental impact factors are presented in Table 1, in the Annex.

6

https://ec.europa.eu/energy/sites/ener/files/documents/20160713%20draft_publication_REF2016_v13.pdf
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4

Repair Tool

4.1 Overall view
The Repair Tool was developed to allow pilot lines to compare the environmental impact of scenarios of
repairing machines’ components. The comparison supports informed decision-making regarding replacing
specific parts and components of a machine for a new one versus repairing it, considering economic and
environmental impact aspects. The tool considers LCA data from Ecoinvent V, while data about press
components, repairing process and energy consumption was obtained from the pilot lines. The LCA assessment
method used is CML-IA baseline V3.05 / EU25. The following impact categories were considered:
-

Global warming emissions: Indicator of the global warming effect of gases emitted during the
lifecycle of the press

-

Eutrophication: indicator of emissions of nitrogen or phosphor that end in aquatic ecosystems and
cause an unbalance in the water body

-

Human toxicity: Indicator of substances that are toxic to humans that are emitted during the lifecycle
of the product

-

Photochemical oxidation: indicator of gases emitted that increase the creation of smog in the lower
atmosphere

-

Abiotic depletion: Indicator of the consumption of natural resources (e.g. minerals)

-

Abiotic depletion (fossil fuels): Indicator of the consumption of fossil fuels

-

Freshwater aquatic ecotoxicity: Indicator of the emissions that are harmful to aquatic ecosystems

-

Terrestrial ecotoxicity: Indicator of the emissions that are harmful to terrestrial ecosystems

-

Ozone layer depletion: Indicator of emissions that cause the destruction of the ozone layer in the
stratosphere

-

Cumulative energy demand: Indicator of the total energy consumed during the lifecycle of the
product

Additionally, waste generated and costs were evaluated by the tool.
4.2 The tool
The tool consists of four main parts:
-

Impact factors;

-

Data inputs from pilot lines;

-

Control panel;

-

Results.

The impact factors are composed of four tabs that contain environmental factors used in the LCA calculation
for the impact categories mentioned in 2.1. The information is outlined for material factors7, end-of-life
material factors, energy factors (vary per country) and transport8 factors, and should not be altered by the pilot
lines.
In the data inputs tab, the user inputs information regarding the component to be assessed. The data inputs are
related to the machine’s component, including material types and weight of each material; energy consumption
in repair; product distribution, including type of transport and distance; materials used in repair process; and
costs related to repair and to new components. The control panel allows pilot lines to select the country of

7

The materials assessed are: Aluminium, Brass, Bronze, Cataliser, Copper, Foundry, Paint, Plastic, Printed Circuit Board,
Steel and Zinc.
8
The transport modes assessed are sea, road – very large lorry and road – large lorry.
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operations and, in case of the component being replaced by a new one, if the old piece is sent to recycling. The
results are shown in the control panel tab.
4.3 User Manual
The environmental assessment tool is divided in 12 excel tabs, as described below.
1. Information: presents basic information about the project and the European Commission Horizon 2020
framework.
2. Control panel and visualization: allow users to control variables, define scenarios and visualize results.
3. Data input: users are required to input data about components, energy consumption in repair, repair
costs, new component costs, and transport in order to enable the calculations.
4. Env. Results_Repair: calculates the environmental impacts of the scenario for repairing the
component. This tab is automatic and should not be altered by users of the tool.
5. Env. Results_New: calculates the environmental impacts of the scenario for replacing the component
with a new one. This tab is automatic and should not be altered by users of the tool.
6. Env BoMs Prod.: calculates the material composition multiplied by environmental impact factors to
obtain the recycling and manufacturing impacts.
7. Material EI factors: contain the factors of each impact category of the LCA for different materials.
The factors are from the EcoInvent database. No action is required in this tab unless the user wishes
to alter the factors to be considered in the calculations.
8. Material EI factors: contain the environmental factors of each impact category of the LCA for different
materials. The factors are from the Ecoinvent database. No action is required in this tab unless the user
wishes to alter the factors to be considered in the calculations.
9. EoL Material EI factors: contain the environmental factors of each impact category of the LCA for
different materials at the end-of-life. The factors are from the EcoInvent database. No action is required
in this tab unless the user wishes to alter the factors to be considered in the calculations.
10. Energy EI factors: contain the environmental factors of each impact category of the LCA for energy
consumption in different countries. The factors are from the EC Reference Scenario EU 2016 mix with
lifecycle impacts from Simapro (data for 2020). No action is required in this tab unless the user wishes
to alter the factors or add countries to be considered in the calculations.
11. Transport EI factors: contain the environmental factors of each impact category of the LCA for
different transport alternatives. The factors are from the EcoInvent database. No action is required in
this tab unless the user wishes to alter the factors to be considered in the calculations.
12. Lists: lists to be made available in the dropdown menus in the control panel.
tool is based on a color code scheme, where the cells marked in yellow are to be filled by the pilot lines, while
the grey cells should not be changed.
4.3.1 Control panel and Visualization
This tab allows the users to control the overall factors affecting the repair impact assessment and define
scenarios.
1. Define the scenarios
As default in the tool, Scenario A is identified as “Repair”, meaning that it will indicate the impacts of repairing
the determined component. Scenario B, on the other hand, is identified as “New”, meaning that it will indicate
the impacts of obtaining a new component to replace the previous.
2. Select the country
For both scenarios, it is possible to choose the country where the component is going to be repaired of where
the new component will be manufactured.
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3. Indicate which component to be assessed.
The name of the component should be indicated in the yellow cell under the designation “Components”. The
tool only allows for the indication of one component at a time.
4. Define if recycling component.
For the case of purchasing a new component to replace the old one (default set as “Scenario B”), indicate if
the discarded component will be recycled after the end-of-life. In case the component will be recycled, select
“yes”, and otherwise select “no”.

4.3.2 Data input
This tab allows the users to input the component, material composition, energy consumption, costs and product
distribution. This tab is divided between Scenario A (repair component) and Scenario B (replace it with a new
one).
4.3.2.1

Scenario A

1. Define the materials to be used in the repair of the component
The tool divides the repair process in four phases: pre-processing, additive manufacturing, finishing and
installation. In “1. Product’s Bill of Materials”, add in the yellow cells the name of the materials to be used,
the weight in Kg of each material used in each of the four repair phases, and the weight of waste material
generated for each material in each of the four repair phases.

2. Define product distribution.
In “2. Product Distribution”, add in the yellow cells the location of the origin plant and the destination where
the component will be repaired, the total distance in Km between the two locations and the type of transport
used. There should be different lines for each distance and type of transportation.
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3. Define energy consumption in repair.
In “3. Energy distribution in repair”, add in the yellow cells the amount of energy consumed (in kWh) during
each of the four repair phases.

4. Define the repair costs.
In “4. Costs9 (Euros)”, add in the yellow cells the cost, in Euros, of each of the four repair phases.

5. Avoided waste
In “5. Avoided waste”, the tool automatically calculates the weight of waste avoided by choosing to repair
the component. The amount of waste avoided is the total weight of a new piece.

4.3.2.2

Scenario B

1. Define the materials used in the manufacturing of the component

In “1. Product’s Bill of Materials”, add in the yellow cells the name of the materials used in the
manufacturing of the component and the weight in Kg of each material used.

2. Define product distribution.
In “2. Product Distribution”, add in the yellow cells the location of the origin plant and the destination, the
total distance in Km between the two locations and the type of transport used. There should be different lines
for each distance and type of transportation.

9

The baseline costs considered are the cost of production of the machine and components and the energy costs. Additional
fixed and variable costs, such as transportation, installation, and labour may also be considered. TAU’s analysis will be
looking at economic aspects in more detail.
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3. Define costs of a new component.
In “3. Costs (Euros)”, add in the yellow cells the cost, in Euros, of purchasing a new component.

4.3.3 Impact Factor tabs
The impact factor tabs contain information about the factors of each impact category of the LCA for different
materials. Currently, the factors used are from the EcoInvent database. It is possible for users to review the
impact factors used and modify as desired so that the tool reflects different factors.
As an example, if the user would like to update energy factors for some country, it could be done so by
replacing the current factors (marked in yellow in the picture below) with the updated number in the tab
“Energy EI factors”.

4.3.4 Outputs
The results appear to the user in the form of several charts (one for each impact category mentioned above and
one for economic impact, i.e. costs), as well as a table of results. Each individual chart presents the comparison
between repairing the component and replacing it with a completely new piece, for each of the impact
categories considered, which are the LCA impact categories, costs, and waste generated. The results are
expressed per phase of the repair operation, as show in Figure 7 below:
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Figure 7. Example of results of the repair tool for global warming related emissions. The results are expressed
per phase of the repair operation.
For the practical application of the repair tool, see the ESMA FAGOR section.

5

End-of-life Tool

5.1 Introduction
However long the life of an equipment has been extended through repair or part replacement, the end-of-life
stage eventually comes. It must therefore be taken into account as the last step of the life-cycle management
strategy for industrial machines and equipment. End-of-life management of materials and equipment is subject
to numerous regulations, which can vary a lot in different countries. Moreover, these regulations define a set
of compulsory minimum standards which must be respected, but there is still room to rise above those
standards and to aim for more environmentally virtuous management practices.
The industrial lines considered in the Level-Up project contain a large number of components and materials.
As such, ensuring their compliant and/or environmentally virtuous end-of-life management is a complex task.
In order to provide the pilot lines with a clear picture of their regulatory obligations depending on the country
of operation, as well as recommendations for best environmental practices for the different types of
components, a complementary tool has been developed as a way to inform, and therefore facilitate, decisionsmaking related to end-of-life management.
5.2 The tool
The End-of-life Tool aims to provide the pilot lines with clear instructions regarding how to best manage the
end-of-life of their large equipment in compliance with their country’s legal requirements, as well as additional
recommendations for more environmentally friendly waste management option to consider.
This tool may be considered as a decision-making assistance regarding waste management for pilot-lines. In
the “User Interface”, users are asked to select the country in which they operate as well as the different
materials present in their waste.
Based on these 2 criteria, the tool provides a specific answer to the following questions:
General legal requirement: What are the minimum legal requirements that must be respected?
Detailed legal requirements: Are there any particular and more detailed requirements that are specified within
the legal framework?
Source: Which legal sources do these requirements come from?
Procedure: Based on the main legal requirements available as well as other relevant documentation, how
should the user proceed with the management of its waste?

LEVEL-UP | GA n. 869991

Pag. 24 | 50

D5.5 End-of-life management and decision support for reverse supply chain

Recommended waste treatment option: For those who wish to go beyond the minimum requirements and
aim for more environmentally friendly management practices, what are the highest-standard waste treatment
options with regards to the waste management hierarchy?
Useful links: Links to additional resources available in order to provide the pilot line with complementary
information related to waste management.
5.3 Development
The first step of the methodology was about identifying specific objectives and outputs for this tool as part of
the main objective of the Task 5.5 of the Level-Up project.
The second step was then to define the geographical scope on which to focus as well as the type of waste
material to consider based on information from the pilot lines.
At that stage of the development, the pilot lines expressed that in the context of the project, they did not feel
concerned by the specific issue of waste management. Indeed, the end-of-life of the considered equipment is
usually managed on their behalf by the seller as part of their contract. Therefore, from the pilot lines’ point of
view, the issue of waste management is already taken care of by a third party.
As a consequence, decisions were made to adapt the contents of the work package in order to highlight the
environmental impact and repair aspects, whereas the end-of-life management tool would still be developed
but would remain at a pilot stage.
The third step was to conduct, for each country and waste component material identified, a legal documentary
analysis in order to populate the tool with respect to its main outputs. Finally, the tool itself was developed; it
contains a main user interface as well as one data sheet per country.
5.4 Demonstration
Since this tool has not been put to use by the pilot lines (see above), no empirical results are available at the
moment. As a theoretical example, a company based in France and in need to dispose of iron-made components
would be provided with the following outputs:
General legal requirement: legal obligation to sort for recovery
Detailed legal requirements: Applicable if waste production >1100 L/week and collected by private or public
service provider
Source: Décret n° 2021-950 du 16 juillet 2021 relatif au tri des déchets de papier, de métal, de plastique, de
verre, de textiles, de bois, de fraction minérale et de plâtre
Procedure:
- Waste is collected and sorted either separately from each other or mixed together in whole or in part, as long
as this does not affect its ability to be prepared for reuse, recycling or other recovery operations in accordance
with the hierarchy of treatment methods
- Waste management providers are identified and contracted
- The service provider in charge of the collection must provide the waste producer with an annual collection
and recovery certificate.
Recommended waste treatment option: Separate sorting for recycling
Useful links:
Legal framework: https://www.legifrance.gouv.fr/jorf/id/JORFTEXT000043799891
Action plan for professionals: https://librairie.ademe.fr/dechets-economie-circulaire/1951-obligation-tri-5flux-9791029708374.html
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Figure 8 - Capture of the EOL management tool

5.5 Limits and recommendations
As part of the End-of-life tool, some limits and further recommendations need to be highlighted.
First, for reasons previously explained, this tool was designed and developed as a prototype at this stage and
does only cover limited geographical scope and type of waste. As such, two countries have been included in
the scope, France and Italy, in order to determine whether the tool was applicable to different national contexts.
Moreover, the available regulations did not always clearly specify the minimum legal requirements in force,
and often do not provide clarity regarding the concrete steps to follow in order to be fully compliant. To
overcome these limitations, the following recommendations could be implemented in later developments of
this tool:
-

Complement the legal documentary reviews and analyses with further research and interviews with
relevant stakeholders (waste producer, waste management service provider, waste management
department representative, …)

-

Improving recommended waste treatment options based on accurate environmental impact data for
waste management and sectorial experts’ advice

-

Developing more filters with complementary criteria to answer more precisely to specific pilot-lines
waste production, business sector and other needs (based on user feedback)

-

Extending the scope to other countries and other types of waste

5.6 Further considerations
Upon investigation, it was found that such large appliances as the ones considered in the project do not exist
in waste nomenclatures within the regulatory environment in either the EU or the selected countries. Rather,
it appears that they should be considered complex assemblies of numerous smaller fractions, which in turn can
be fit under existing waste categories such as metals, electronic waste, etc.
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Figure 9 – Waste fractions from a pilot line (e-waste, metal fractions, metal casing)

As a result, the tool is giving concrete advice about compliant and desirable end-of-life management practices,
not for any specific large industrial appliances, but instead for a large variety of material flows, each with their
own specific regulations and standards. As such, its potential scope of utility becomes much broader, extending
beyond the pilot lines of the project or even heavy industry equipment in general.

Figure 10 - List of materials in the scope of the EOL tool

Indeed, we expect that such a tool could be useful to a wide range of organisations, providing them with a clear
vision of their obligations and simple ideas to do better in the current context of a complex and rapidly growing
regulatory environment around circular economy and waste management in EU countries.
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6

Pilot line results

In the section we present the results of the practical application of the tools with each of pilot lines that we
have collaborated with as part of the project. It is important to note that different tools were applied with each
of the pilot lines, depending on their needs and interests.
The results presented here are preliminary results, based on the data collected up to the date of submission.
The tools analysis can be easily updated as more data is collected throughout the reminder of the project.
6.1 ESMA FAGOR
The ESMA – FAGOR production line is a large press that produces metal pieces components for cars. The
machine is largely made of steel and has an approximate mass of 250 tonnes. Within the context of task 5.5,
the environmental benefits of refurbishment or retrofitting and repair are evaluated.
In this section the environmental impact hotspots of the production line are highlighted, retrofitting scenarios
are compared against the replacing with a new machine, and initial results of repairing a damaged gear are
presented.
6.1.1 Overview of the press life cycle environmental impacts
In the figure below, extending the life of the press is compared (scenario A) is compared with replacing the
press with new machine. The figure shows that extending the life the press significantly reduces the impacts
related to manufacturing and transport. The avoided impact of recycling is larger for the replacement of the
press scenario, since in that case more material is recycled.
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Figure 11. Life cycle global warming emissions for the manufacturing,
distribution and end of life of the press.
Taking a closer look at the main contributors to the environmental impact, our modelling suggests that the
five components that contribute the most to global warming impact in manufacturing are “cabezal”, “mesa”,
“mesa desplazable”, “base and montantes y tirantes”, as shown in the table below.
Table 1. Main contributors to environmental impact, focusing on global warming emissions.
Component
Cabezal
Mesa
Mesa desplazable
Base
Montantes y tirantes

Global warming (GWP100a)
100,533
74,263
66,589
50,027
47,760

When also considering the use phase impacts, the difference between the environmental performance in the
two scenarios is put in context. The analysis still shows that extending the life is beneficial environmentally,
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however, this result highlights that changes in energy efficiency are critical when evaluating the
environmental performance.

Figure 12. Life cycle global warming emissions considering the full life cycle of the press.
It is also important to note that the results will vary depending on the impact category. While most attention is
focused on climate change, impact categories that are directly linked with the consumption of raw materials or
hazardous emissions might be affected by the life cycle stages differently. This is clearly illustrated by the
figure below, which shows how Abiotic depletion, related to the consumption of raw materials, is most heavily
affected by the manufacturing phase of the life cycle.
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Figure 13. Abiotic depletion is most heavily influenced by the manufacturing phase than the use phase, as it
closely linked to raw material extraction.
6.1.2 Retrofitting scenarios comparisons
This section evaluates in more detail retrofitting scenarios considered in the ESMA – FAGOR pilot line. These
were:
-

1. Changes at electrical installation, control and drive of the machine

-

2. Changes of some mechanical parts and structure, and at the electrical installation, control and drive
of the machine

-

3. Large changes of mechanical parts and structure, and at the electrical installation, control and drive
of the machine
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-

4. Large changes of mechanical parts and structure, and at the electrical installation

For the purposes of showcasing how the tool is applied to the pilot line, we’ll focus the analysis here on
scenarios 1 and 3, against replacement with a new press.
Scenario 1 vs. new machine

Figure 14. Global warming emissions associated with Scenario 1 and a new press.
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Figure 15. Abiotic depletion associated with Scenario 1 and a new press.
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Figure 16. Life cycle costs estimated for scenario 1 and a new press. The costs of the press and components are
an approximation, while the 1st and 2nd life costs correspond to the electricity consumed during the operation
of the machine only. This applies to both the new machine and the refurbished machine.10

Scenario 1 vs new with 10% increase in productivity in New press
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Figure 17. Changes in efficiency have the potential to outweigh benefits from life extension for some impact
categories.
Scenario 3 vs. new machine
Scenario 3 is the retrofitting scenario with largest number of components being replaced.
Components replaced under this scenario are: Cabezal (head), Sistema electrónico (electronic system), main
engine and kinematic chain, and transfer unit.

10

2nd life technically only applies to the refurbished machine, however it’s used for both machines in the graph for ease of
comparison.
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Life cycle global warming emissions (kg CO2 eq)
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Figure 18. Life cycle global warming emissions associated with scenarios 3 and a new press.
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Figure 19. Life cycle abiotic depletion associated with retrofitting scenario 3 and a new press.
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Figure 20. Human toxicity impacts. This impact category is heavily influenced by the production of the machine
as well energy consumption. This impact category does not consider any risks to health from the operation of
the machine but instead impacts caused by emissions of processes along the value chain.
The full results can be found in the Annex II.
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6.1.3 Summarising results
Interpreting the different impact categories and arriving at a conclusion regarding the best decision can be
challenging given the variety of impacts considered. Below we present a table summarising the results for the
comparison between retrofitting and replacing with a new machine that was conducted above.
Table 2. Summary of impacts table. This table summarises whether it is preferable to retrofit press or replace
with new for the impact categories considered in the analysis. It is important to note that no difference in energy
consumption was assumed in this comparison.

Scenario 1
vs New

Abiotic
Global warming Ozone layer
Fresh water
Marine aquatic
depletion (fossil
Human toxicity
(GWP100a) depletion (ODP)
aquatic ecotox.
ecotoxicity
fuels)

Cumulative
energy demand

Abiotic
depletion

Replace
components

Replace
components

Replace
components

Replace
components

Replace
components

Replace
components

Replace
components

Replace
components

Terrestrial
ecotoxicity

Photochemical
oxidation

Acidification

Eutrophication

Replace
components

Replace
components

Replace
components

Replace
components

It is important to note that these results are specific to the parameters set in the analysis and shouldn’t be
extrapolated to other conditions. The results do suggest that retrofitting the production line will be
environmentally the lowest impact option when the energy consumption of the machine does not vary
significantly in comparison with a new press for most impact categories.
Additionally, it must also be considered that measures may be taken to mitigate certain impacts. For example,
sourcing of renewable energy would significantly reduce the use phase impacts, and sourcing of recycled
materials would reduce the impact of manufacturing new components. These results therefore are specific to
the parameters set in the analysis and shouldn’t be extrapolated to other conditions. The tools developed in the
project allow to easily adapt the conditions and evaluate the benefits of impact reduction opportunities.
6.1.4 Evaluating the benefits of repair
While the environmental assessment tool focuses on the big picture of environmental impact, it’s also
important to take a closer look at the benefits of repairing components in comparison with replacing with
new. Within the context of the ESMA FAGOR production line, initial results of the environmental benefits
of repair the tooth of a gear in comparison with replacing with a new gear are analysed.
The gear is made out of steel and has a mass of approximately 1200kg and a tooth of the gear is being
repaired. In the analysis we therefore compare the environmental impact of the operations related to repair
(pre-processing, additive manufacturing, finishing) with the impacts related to replacing with a new gear.
As can be seen in Figure 21 below, the impacts related to manufacturing a new gear by far outweigh the
repair impacts.
Life cycle global warming emissions
(kg CO2 eq)

Waste generated (kg)
1400

2500
1200

2000
1000

1500
1000

800

500

600

0

Scenario A

Scenario B

400

-500
200

-1000

Pre-processing

Additive manufacturing

Finishing

Installation

Manufacturing

Recycling - avoided impacts

Pre-processing

Additive manuf.

Energy

Transport

Installation

New component

0

Scenario A

Scenario B
Finishing

Figure 21. Life cycle warming emissions and waste generated related to repairing (scenario A) vs. replacing a
gear (scenario B).
The data used to evaluate the additive manufacturing is preliminary, and more precise data will be collected
further in the project. However, when a repair is conducted to such a large metal piece, it is unlikely that the
impacts of repair could outweigh the manufacturing of a new component.
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Figure 22. Life cycle emissions and waste generated in the repair of the gear through additive manufacturing.

Figure 22 shows the life cycle global warming emissions and the waste generated through the repair
operation in more detail. The largest contribution to the global warming impacts originates in the additive
manufacturing phase of repair because of the energy used to melt the feed material as well as related to the
argon used, while most of the waste is generated during the pre-processing and finishing of the repair
process. These quantities of energy and material are significantly lower than those required to manufacture a
new gear, however, this might not hold for smaller components.
6.2 TOSHULIN
6.2.1 Overview of production line
The Toshulin pilot line consists of a vertical lathe and has an overall weight of approximately 30 t. The machine
manufactures rotary metal products. The machine was last refurbished 14 years ago and within the context of
the project it will be modernised, with the aim of increasing the speed and accuracy of the work pieces. In this
section, the environmental assessment tool is employed to evaluate the benefits of modernising the Toshulin
production line.

Figure 23. Modernisation of the Toshulin production line.
When considering environmental impact, modernisation consists of replacing certain parts and components
and upgrading others. This will create the need for manufacturing some new components, and associated
emissions. However, as these will only be some of the components, it represents a fraction of the overall weight
of the machine.
This section evaluates in more detail the retrofitting scenario considered in the TOSHULIN pilot line. The
scenario assessed considers replacing the tool-holders, hydraulic unit and the electrical HWs (machine and
cabinet) with new components (Scenario 1). For comparison, the situation where the machine is fully replaced
with a new one is referred to as Scenario A and the situation where the components are replaced is referred to
as Scenario B.
6.2.2 Modernisation scenarios
Scenario 1

LEVEL-UP | GA n. 869991

Pag. 34 | 50

D5.5 End-of-life management and decision support for reverse supply chain

Millions

Life cycle global warming emissions (kg CO2 eq)
1.2

1

0.8

0.6

0.4

0.2

0

Scenario A

Scenario B

-0.2

Manufacturing impacts

Use phase impacts

Recycling - avoided impacts

Transport

Figure 24. Global warming emissions associated with Scenario 1 and with a new machine.
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Figure 25. Abiotic depletion associated with Scenario 1 and with a new machine.
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Figure 26. Human toxicity impacts. This impact category is heavily influenced by the production of the machine
as well energy consumption. This impact category does not consider any risks to health from the operation of
the machine but instead impacts caused by emissions of processes along the value chain.
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Scenario 1 vs new machine with 10% increase in productivity in New
Millions
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Figure 27. Changes in efficiency have the potential to outweigh benefits from life extension for some impact
categories.
The full results can be found in the Annex II.
6.2.3 Summarising results
Below we present a table summarising the results for the comparison between retrofitting and replacing with
a new machine, maintaining the same efficiency levels, which was conducted above in Scenario 1. Costs were
also evaluated but not included in this report for confidentiality reasons.
Table 3. Summary of impacts table. This table summarises whether it is preferable to retrofit the machine or
replace with a new one for the impact categories considered in the analysis. It is important to note that no
difference in energy consumption was assumed in this comparison.

Scenario 1
vs New

Cumulative
energy demand

Abiotic
depletion

Replace
components

Replace
components

Abiotic
Global warming Ozone layer
Fresh water
Marine aquatic
depletion (fossil
Human toxicity
(GWP100a) depletion (ODP)
aquatic ecotox.
ecotoxicity
fuels)
Replace
components

Replace
components

Replace
components

New machine

New machine

New machine

Terrestrial
ecotoxicity

Photochemical
oxidation

Acidification

Eutrophication

Replace
components

Replace
components

Replace
components

Replace
components

It is important to note that these results are specific to the parameters set in the analysis and shouldn’t be
extrapolated to other conditions. The results do suggest that modernising the production line will be
environmentally the lowest impact option when the energy consumption of the machine does not vary
significantly in comparison with a new press for most impact categories.
Additionally, it must also be considered that measures may be taken to mitigate certain impacts. For example,
sourcing of renewable energy would significantly reduce the use phase impacts, and sourcing of recycled
materials would reduce the impact of manufacturing new components. These results therefore are specific to
the parameters set in the analysis and shouldn’t be extrapolated to other conditions. The tools developed in the
project allow to easily adapt the conditions and evaluate the benefits of impact reduction opportunities.
6.3 ISOKON
6.3.1 Overview of production line
The Isokon production line manufactures plastic profiles for the camper van industry. The extrusion production
line produces thermoplastic materials such as rigid PVC, plastic PVC, polypropylene and polyethylene. It is
mostly made out of steel and has a mass of 1900 kg.
6.3.2 Refurbishment and modernisation scenarios
In this section, the refurbishment and modernisation scenario considered in the ISOKON pilot line is evaluated.
The scenario assessed considers replacing the extrusion cylinder and the electrical cabinet with new
components (Scenario 1). For comparison, the situation where the components are replaced is referred to as
Scenario A and the situation where the machine is fully replaced with a new one is referred to as Scenario B.
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Figure 28. Global warming emissions associated with Scenario 1 and with a new machine.
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Figure 29. Abiotic depletion associated with Scenario 1 and with a new machine.
Scenario 1 vs new machine with 10% increase in productivity in New
Millions
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Figure 30. Changes in efficiency have the potential to outweigh benefits from life extension for some impact
categories.
The full results can be found in the Annex II.
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6.3.3 Summarising results
Below we present a table summarising the results for the comparison between retrofitting and replacing with
a new machine, maintaining the same efficiency levels, which was conducted above in Scenario 1. Costs were
also evaluated but not included in this report for confidentiality reasons.
Table 4. Summary of impacts table. This table summarises whether it is preferable to retrofit the machine or
replace with a new one for the impact categories considered in the analysis. It is important to note that no
difference in energy consumption was assumed in this comparison.

Scenario 1
vs New

Cumulative
energy demand

Abiotic
depletion

Replace
components

Replace
components

Abiotic
Global warming Ozone layer
Fresh water
Marine aquatic
depletion (fossil
Human toxicity
(GWP100a) depletion (ODP)
aquatic ecotox.
ecotoxicity
fuels)
Replace
components

Replace
components

Replace
components

Replace
components

Replace
components

Replace
components

Terrestrial
ecotoxicity

Photochemical
oxidation

Acidification

Eutrophication

Replace
components

Replace
components

Replace
components

Replace
components

It is important to note that these results are specific to the parameters set in the analysis and shouldn’t be
extrapolated to other conditions. The results do suggest that moderinising the tools will be environmentally
the lowest impact option when the energy consumption of the machine does not vary significantly in
comparison with a new press for most impact categories.
Additionally, it must also be considered that measures may be taken to mitigate certain impacts. For example,
sourcing of renewable energy would significantly reduce the use phase impacts, and sourcing of recycled
materials would reduce the impact of manufacturing new components. These results therefore are specific to
the parameters set in the analysis and shouldn’t be extrapolated to other conditions. The tools developed in the
project allow to easily adapt the conditions and evaluate the benefits of impact reduction opportunities.
6.4 MARLEGNO
6.4.1 Overview of the pilot line
The Marlegno plant is structured in a series of production cells for machining and assembly, interconnected
by manual internal logistics. No automatic material handling is present.
The plant contains different machines, the figure below presents the list of machines they are using:
Table 5. Machines present at the Marlegno plant. The current analysis focuses on the Oikos machine.

LEVEL-UP | GA n. 869991

Pag. 38 | 50

D5.5 End-of-life management and decision support for reverse supply chain

The tool has been implemented for the OIKOS machine, a wood beam cutting and milling machine, as
described in the table above. The objectives of Marlegno regarding the tools developed are:
-

Analyse the different impacts of different of ways of treating the wood scrap produced during the
machine operations.

-

Have a tool that allows the best maintenance solution for the machine: replace a machine component
or repair it, increasing its efficiency and useful life;

The tools employed towards these objectives were:
-

Environmental assessment tool

-

Repair tool

Some changes were necessary to the tools in order to achieve the goals of Marlegno, in particular because of
the focus on wood waste products of the use phase. The section below reports the main differences of the
MARLEGNO tool within the general tools and the results provided at the company at this stage of the analysis.
6.4.2 Updates on the Environmental Assessment Tool
The Environmental assessment tool has been developed to support in the use and management of the machine.
The tool can compare:
-

Different machines at the Marlegno plant

-

Different management of the same machine (e.g. waste management; energy consumption, auxiliary
materials)

-

Life extension options

The current version of the tool has been developed comparing the Oikos machine, with a different management
of waste produced on the line (wood waste). The company currently disposes of their waste without a direct
recovery (energy or material). The tool allows the company to see the differences in terms of environmental
impacts and costs with three different waste management solutions:
-

Recycling

-

Disposal

-

Incineration with energy recovery.

Before presenting the results obtained with the tool, the main differences with the general tool are shown.
1. The general purpose of the tool is the comparison within machine end of life management and life
extension. The goal of the Marlegno Environmental assessment tool is about the comparison of
different machines or machine use.
2. In the use phase data input a box regarding the waste production during the usage phase has been
added:

4. Waste
Oikos
Type
Sawdust
Small wood waste

Quant. (kg)

Destination
xxx
xxx

Recycling
Disposal

The results of the waste management have been calculated as follow:
o

Recycling: has been calculated the impacts of treating the wood scraps to produce a particle board
panel, and the benefits to avoid the impacts to produce a plywood panel from virgin material.

o

Incineration with energy recovery: has been included the impact of incineration and the energy
produced with the PCI of wood, with a thermal efficiency of 90%.
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The calculation of impact factor is reported in the sheet “End of Life EI Factors”.

KWh/year

N/A

mc / year

0

Pieces in lifespan

35

Orders for lifespan

mc per order

1000

Lifespan [year]

Parts per order

308

Pieces per year

Energy consumption
per order (kWh)

15.414

Orders in 1 year

Energy consumption
per year (kWh)

3. Energy consumption during the use phase: this box has been changed from the original version,
adapting the tool data input with the type of energy data provided by the company:

50

50.000

20

1.000

1.000.000

1

15.413,60

N/A

20

-

N/A

#DIV/0!

-

Order
Oikos
Machine 2

OIKOS
Yearly consumption
Total consumption
plant
Total consumption
oikos
Total cycles
Total pieces in 1 cycle
Total mc in 1 cycle

2020
kWh
kWhOikos/kWh
total
50
1000
35

4. The calculation has been provided for 1 year activity and the full lifespan of the machine (20 years).
The results by productivity have not been considered.
5. Costs: the costs included are the energy costs and the wood waste costs of the company
6.4.3 Oikos: wood waste recycling and disposal scenarios
With the above consideration and valuating the first goal of the company the results are the following for the
full list of indicators.
The results are reported considering two scenarios:
-

Scenario 1: Oikos machine with recycling of wood waste

-

Scenario 2: Oikos machine with disposal of wood waste

A third scenario represents the incineration. The following results are presented below: CO2 emissions, ozone
depletion and abiotic depletion of fossil fuels.
The results show that the waste management of the use phase (during the whole life span of the machine) has
the highest value of the life cycle environmental impacts. How this wood waste is managed can result in more
impact or more benefits than other phases of the machine life cycle. It’s important to note that the impacts of
the production of the wood are not included here, since those are attributed to the products themselves. These
results highlight the importance of the management of the machine in terms of waste reduction and the
management of the waste.
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Figure 31. Life cycle global warming emissions associated to scenarios 1 and 2 for the Oikos machine. The
results show that the recycling scenario has environmental benefits on the environment, thanks to the recycling
of wood panels that could be used for furniture. The disposal scenario has a potential impact on the
environment. It can create a damages considering the whole life cycle of the machine (20 years).
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Figure 32. Abiotic depletion associated with Scenario 1 and 2 of the Oikos machine. As already explained for
the global warming indicator, the recycling scenario has potential benefits on the environmental for the abiotic
depletion indicator as well. the abiotic depletion represents the depletion of resources uses to produce fossil
fuels.
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Figure 33. Ozone layer depletion associated with the 2 scenarios described above for the Oikos machine. The
differences between recycling and disposal are very high, where the recycling of wood scrap allows a high
benefit on the environment.
6.4.4 Summarising results
Interpreting the different impact categories and arriving at a conclusion regarding the best decision can be
challenging given the variety of impacts considered. Below we present a table summarising the results for the
comparison between retrofitting and replacing with a new machine that was conducted above.
Table 6. Summary of impacts table. The results of the two scenarios for the impact categories considered. For
most impact categories, scenario 1 – wood waste recycling – performed better.
Cumulative
energy demand

Abiotic
depletion

Abiotic
Global warming Ozone layer
Fresh water
Marine aquatic
depletion (fossil
Human toxicity
(GWP100a) depletion (ODP)
aquatic ecotox.
ecotoxicity
fuels)

Terrestrial
ecotoxicity

Photochemical
oxidation

Acidification

Eutrophication

Scenario 1
Scenario 1 Scenario 1 Scenario 1 Scenario 1 Scenario 1 Scenario 2 Scenario 1 Scenario 1 Scenario 1 Scenario 1 Scenario 1 Scenario 1 vs 2
Waste recycling Waste recycling Waste recycling Waste recycling Waste recycling Waste disposal Waste recycling Waste recycling Waste recycling Waste recycling Waste recycling Waste recycling

It is important to note that these results are specific to the parameters set in the analysis and shouldn’t be
extrapolated to other conditions. The results suggest that scenario 1, recycling of wood waste, performs better
environmentally than the disposal of the wood waste. This is aligned with the waste hierarchy priorities and
highlights the importance of keeping materials in use.

6.4.5 Evaluating the benefits of repair
At this status of activities, the Oikos machine does not have any remanufacturing strategy. Once a component
needs to be repaired, it is directly substituted by a new one. This strategy occurs in economic costs to the
company as well an environmental damage.
For this reason, the repair tool can be useful to Marlegno in order to understand the value of remanufacturing
or refurbishing scenario.
The tool implemented with the Marlegno case study is working with some simplifications. It includes the
following information:
-

Material weight of each component

-

Benefits of repair the component (saving the materials to produce a new one)

-

Benefits of recycling the component (saving new materials considering the secondary materials
produced by the recycling). The recycling scenario also include the manufacturing activities to produce
new components.
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The tool compares the repair scenario versus the recycling scenario. With the information that are available at
this stage the results shows that the repair scenario is always a better choice, both in terms of environmental
impacts and economic costs. Costs were also evaluated but not included in this report for confidentiality
reasons.
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Figure 34. Global warming emissions related to repairing (scenario A) vs. replacing (scenario B). This example
refers to the comparison of repair vs. replacement of the loading system, a component made of steel and
weighing close to 3000 kg.
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7

Conclusions and next steps

This report presents the outcomes of task 5.5, in which three tools were developed to support pilot lines in
decisions around life extension of products and components, and waste management. The tools support in the
evaluation of the environmental and economic benefits of life extension and decisions in the management of
materials.
The tools developed are:
-

-

Environmental assessment tool: which allows pilot lines to compare life extension scenarios of large
industrial equipment. The tool is based on a streamlined LCA approach, to comprehensively evaluate
environmental impacts while remaining flexible and easy to use. It also allows to include and compare
economic costs and savings of the alternatives for a complete picture
Repair assessment tool: focused on evaluating in detail the environmental benefits of the innovative
repair techniques pioneered in the Level UP project
Waste management tool: aimed at supporting pilot lines in the end-of-life management of their
machines based, this tool gives information on the applicable regulations, compliance procedures, and
suggests alternatives with a better environmental impact, based on the type of fractions and materials
composing the machines as well as the country of operation.

The initial results of the application of the tools reveal that extending the life of large industrial equipment
results in significant savings in terms of environmental impact and waste generated. However, these benefits
should always be considered in the context of the life cycle impacts, and particularly of the use phase, which
is the largest contributor to the environmental impact of the machines considered in the project. This holds true
for machines whose energy consumption was the largest contributor to impact, or in case of Marlegno, where
the wood waste production, is the main contributor to the overall environmental impact. At the same time, it’s
important to note that these are initial results based on the latest data provided and should not be extrapolated
to other situations.
The tools inbuilt flexibility allows the tools to be adapted to other machines and scenarios, according to the
needs of the production line operators. Similarly, environmental impact factors can be easily modified to reflect
changes in geography or energy mixes, which might be particularly relevant when modelling future impacts
as Europe transitions to a renewables-based energy system.
Next steps
During the next phases of the project, the following activities will be conducted to support the pilot lines with
the tools developed and evaluate the potential for their exploitation:

11

-

Continue collaborating with pilot lines to evaluate life extension scenarios as their data collection
progresses and more accurate data becomes available. This applies to the pilot lines who have already
sent their data as well as to pilot for whom data becomes available later in the project11

-

Finalise the data collection for the repair tool, in particular in terms of the materials and energy used
and waste produced during different innovative repair operations, and optimise tool if necessary. The
repair tool will then be applied to the different repair operations conducted in the project.

-

Implementation of the environmental assessment tool into the Decision Support System, developed by
ATLANTIS, in order to make the tool easier to use and to work in conjunction with the other tools
developed by the LEVEL UP project, in particular, the in-depth Cost Benefit Analysis developed by
TAU for the project. The multi-level DSS will provide recommendations and define priorities based
on ISO55000 standard KPIs, for improving maintenance performance and ameliorating identified
shortcomings. The LEVEL-UP DSS will implement the MANAGE Strategy, also deciding the optimal
combination of Strategies to deploy.

-

Support pilot lines in the use of the tools implemented in the DSS as well as in analysing the outputs

-

Evaluate the potential and market for the exploitation of the tools beyond the Level UP. This will
include the evaluation of the potential of the tools in the large industrial sector as well as in smaller
machines and appliances.

This is either concluded or very advanced for ESMA, THU, MARL, and ISOKON, and at an initial stage with IPC.
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Annex I. Impact factors
Table 7. Impact factors for production of materials used in the tool. Source: Ecoinvent.
ABS primary
production
Aluminium

Acrylonitrile-butadiene-styrene copolymer {RER}| production | Cut-off, U

Argon
Brass
Bronze
Cast iron
Ceramic
Copper
Paint
PE primary
production
PE Transformation
Polypropylene
PP Primary
production
PP Transformation
Printed wiring board
Sant
Steel
Zinc

Aluminium, primary, ingot {IAI Area, EU27 & EFTA}| market for | Cut-off, U
(of project 2019500135_LevelUP_EoLTool)
Argon, liquid {RER}| production | Cut-off, U
Brass {CH}| market for brass | Cut-off, U (of project
2019500135_LevelUP_EoLTool)
Bronze {GLO}| market for | Cut-off, U (of project
2019500135_LevelUP_EoLTool)
Cast iron {GLO}| market for | Cut-off, U (of project
2019500135_LevelUP_EoLTool)
Ceramic tile {RoW}| production | Cut-off, U
Copper {GLO}| market for | Cut-off, U (of project
2019500135_LevelUP_EoLTool)
Alkyd paint, white, without solvent, in 60% solution state {RER}| market for
alkyd paint, white, without solvent, in 60% solution state | Cut-off, U
Polyethylene, low density, granulate {RER}| production | Cut-off, U
Extrusion, plastic film {RER}| extrusion, plastic film | Cut-off, U
Polypropylene, granulate {GLO}| market for | Cut-off, U (of project
2019500135_LevelUP_EoLTool)
Extrusion of plastic sheets and thermoforming, inline {RoW}| processing | Cutoff, U
Extrusion, plastic pipes {RER}| extrusion, plastic pipes | Cut-off, U
Printed wiring board, for power supply unit, desktop computer, Pb free {GLO}|
market for | Cut-off, U (of project 2019500135_LevelUP_EoLTool)
Sand {RoW}| gravel and quarry operation | Cut-off, U
Steel, low-alloyed {GLO}| market for | Cut-off, U (of project
2019500135_LevelUP_EoLTool)
Zinc {GLO}| market for | Cut-off, U (of project 2019500135_LevelUP_EoLTool)

Table 8. End of life impact for the materials used in the tools. End of life impact is calculated as avoided impact.
Source of factors: Ecoinvent.
Aluminiu
m

Brass

Copper

Primary production
Recycling/Secondar
y production
Impact avoided
(primary
production)
Primary production
Recycling/Secondar
y production

Impact avoided
(primary
production)
Primary production
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Aluminium, primary, ingot {IAI Area, EU27 & EFTA}| production |
Cut-off, U
Aluminium, wrought alloy {RoW}| treatment of aluminium scrap,
post-consumer, prepared for recycling, at remelter | Cut-off, U
Aluminium, primary, ingot {IAI Area, EU27 & EFTA}| production |
Cut-off, U
Brass {RoW}| production | Cut-off, U
Zinc {GLO}| zinc scrap, post-consumer to generic market for zinc |
Cut-off, U
Copper {RoW}| treatment of scrap by electrolytic refining | Cut-off,
U
Copper {RoW}| production, primary | Cut-off, U
Zinc {RoW}| primary production from concentrate | Cut-off, U
Copper {RoW}| production, primary | Cut-off, U
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Zinc

Bronze

Foundry
(Cast Iron)

Paint

Recycling/Secondar
y production
Impact avoided
(primary
production)
Primary production
Recycling/Secondar
y production
Impact avoided
(primary
production)
Primary production
Recycling/Secondar
y production
Impact avoided
(primary
production)
Primary production
Recycling/Secondar
y production
Impact avoided
(primary
production)
Primary production

Disposal
Plastic

Primary production
PE
PE Transformation
Primary production
ABS
ABS
Transformation
Primary production
PP
PP Transformation
Recycling/Secondar
y production
Plastic disposal
Plastic incineration
Impact avoided
(primary production
ABS)

Copper {RoW}| treatment of scrap by electrolytic refining | Cut-off,
U
Copper {RoW}| production, primary | Cut-off, U

Zinc {RoW}| primary production from concentrate | Cut-off, U
Zinc scrap, post-consumer {GLO}| zinc scrap, post-consumer,
Recycled Content cut-off | Cut-off, U
Zinc {RoW}| primary production from concentrate | Cut-off, U

Bronze {RoW}| production | Cut-off, U
Copper {RoW}| production, primary | Cut-off, U
Copper {RoW}| treatment of scrap by electrolytic refining | Cut-off,
U
Tin {RoW}| production | Cut-off, U
Cast iron {RER}| production | Cut-off, U

Cast iron {RER}| production | Cut-off, U

Alkyd paint, white, without solvent, in 60% solution state {RER}|
market for alkyd paint, white, without solvent, in 60% solution state |
Cut-off, U
Waste paint {Europe without Switzerland}| treatment of waste paint,
sanitary landfill | Cut-off, U
Polyethylene, low density, granulate {RER}| production | Cut-off, U
Extrusion, plastic film {RER}| extrusion, plastic film | Cut-off, U
Acrylonitrile-butadiene-styrene copolymer {RER}| production | Cutoff, U
Polypropylene, granulate {RER}| production | Cut-off, U
Extrusion of plastic sheets and thermoforming, inline {RoW}|
processing | Cut-off, U
Extrusion, plastic pipes {RER}| extrusion, plastic pipes | Cut-off, U
Plastic flake, consumer electronics, for recycling {IN}| plastic flake
production, consumer electronics, for recycling, by
grinding/shredding, informal sector | Cut-off, U
Waste plastic, mixture {RoW}| treatment of waste plastic, mixture,
sanitary landfill | Cut-off, U
Waste plastic, mixture {RoW}| treatment of waste plastic, mixture,
municipal incineration | Cut-off, U
Acrylonitrile-butadiene-styrene copolymer {RER}| production | Cutoff, U

Table 9. Wood material impact factors. Source: Ecoinvent.
Primary production
Recycling/Secondary
production
Disposal

LEVEL-UP | GA n. 869991

Plywood, for outdoor use {RoW}| production | Cut-off, U
Particle board, for outdoor use {RER}| production | Cut-off, U
Waste wood, untreated {RoW}| treatment of, sanitary landfill | Cut-off, U
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Incineration
Impact avoided (primary
production)
Impact avoided (energy)

Waste wood, untreated {RoW}| heat production, untreated waste wood, at
furnace 1000-5000 kW | Cut-off, U
Plywood, for outdoor use {RoW}| production | Cut-off, U
Heat, central or small-scale, natural gas {Europe without Switzerland}|
market for heat, central or small-scale, natural gas | Cut-off, U

Annex II. Environmental assessment results
Marine aquatic
ecotoxicity

Terrestrial
ecotoxicity
kg 1,4DB eq

kg
C2H4
eq

kg SO2
eq

kg
PO4--eq

1.8E+01

5.7E+06

5.3E+05

3.1E-02

2.3E+06

9.1E+05

1.9E+09

1.1E+04

3.6E+02

3.2E+03

2.4E+03

5.1E+08

1.1E+01

2.4E+08

2.0E+07

2.2E+00

7.3E+06

6.8E+06

3.3E+10

2.6E+04

5.4E+03

1.5E+05

3.6E+04

Recycling avoided
impacts

-4.8E+05

-6.1E+00

-5.7E+05

-6.6E+04

-3.4E-03

1.4E+04

-1.6E+05

-1.4E+08

2.5E+02

-1.2E+01

-3.3E+00

-3.3E+02

Transport

3.3E+05

1.2E-02

3.0E+05

2.1E+04

3.5E-03

7.6E+03

2.3E+03

8.6E+06

3.1E+01

1.2E+01

3.6E+02

3.9E+01

Total

5.2E+08

2.3E+01

2.4E+08

2.0E+07

2.2E+00

9.6E+06

7.6E+06

3.5E+10

3.8E+04

5.8E+03

1.5E+05

3.9E+04

Manufacturing
impacts

1.1E+07

2.6E+01

8.6E+06

8.1E+05

4.7E-02

3.7E+06

1.4E+06

3.0E+09

1.7E+04

5.3E+02

5.1E+03

3.7E+03

Use phase
impacts

5.1E+08

1.1E+01

2.4E+08

2.0E+07

2.2E+00

7.3E+06

6.8E+06

3.3E+10

2.6E+04

5.4E+03

1.5E+05

3.6E+04

Recycling avoided
impacts

-7.6E+05

-1.2E+01

-7.7E+05

-9.9E+04

-5.4E-03

3.3E+04

-2.8E+05

-2.3E+08

5.2E+02

-1.5E+01

8.2E+01

-5.5E+02

Transport

8.6E+05

3.1E-02

7.7E+05

5.4E+04

9.0E-03

2.0E+04

5.8E+03

2.2E+07

8.0E+01

3.1E+01

9.3E+02

1.0E+02

Total

5.2E+08

2.6E+01

2.4E+08

2.1E+07

2.2E+00

1.1E+07

8.0E+06

3.6E+10

4.4E+04

6.0E+03

1.5E+05

4.0E+04

Manufacturing
impacts

7.5E+06

Use phase
impacts

Scenario A (3)

Acidification

Eutrophication

Fresh water
aquatic ecotox.

kg 1,4DB eq

Photochemical
oxidation

Human toxicity

kg 1,4DB eq

Sb

Ozone layer
depletion
(ODP)

kg 1,4DB eq

kg
eq

Global
warming
(GWP100a)

kg
CFC-11
eq

Abiotic
depletion

kg CO2
eq

Cumulative
energy demand

MJ

MJ

Phase

Scenario B (New)

Abiotic
depletion (fossil
fuels)

ESMA FAGOR

Marine aquatic
ecotoxicity

Terrestrial
ecotoxicity
kg 1,4DB eq

kg
C2H4
eq

kg SO2
eq

kg
PO4--eq

2.03E+00

1.30E+06

1.13E+05

6.53E-03

2.83E+05

1.62E+05

3.66E+08

4.02E+03

8.03E+01

8.28E+02

4.71E+02

1.56E+07

3.15E+00

2.04E+07

8.63E+05

8.91E-02

3.03E+05

4.33E+05

1.11E+09

7.02E+02

1.03E+02

4.33E+03

3.26E+03

Recycling avoided
impacts

4.54E+04

1.29E+00

2.81E+05

1.50E+04

-4.49E-04

6.68E+05

3.50E+05

4.35E+08

4.52E+02

2.67E+01

6.19E+02

1.80E+02

Transport

1.80E+05

6.44E-03

1.61E+05

1.12E+04

1.88E-03

4.10E+03

1.22E+03

4.64E+06

1.67E+01

6.42E+00

1.94E+02

2.11E+01

Manufacturing
impacts

1.61E+06

Use phase
impacts

LEVEL-UP | GA n. 869991

Acidification

Eutrophication

Fresh water
aquatic ecotox.

kg 1,4DB eq

Photochemical
oxidation

Human toxicity

kg 1,4DB eq

Sb

Ozone layer
depletion
(ODP)

kg 1,4DB eq

kg
eq

Global
warming
(GWP100a)

kg
CFC-11
eq

Abiotic
depletion

kg CO2
eq

Cumulative
energy demand

MJ

MJ

Phase

Scenario A (3)

Abiotic
depletion (fossil
fuels)

TOSHULIN
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Total

1.74E+07

3.89E+00

2.16E+07

9.72E+05

9.70E-02

7.84E+04

2.46E+05

1.04E+09

4.28E+03

1.63E+02

4.73E+03

3.58E+03

Manufacturing
impacts

9.18E+05

1.24E+00

7.40E+05

6.19E+04

3.50E-03

1.72E+05

9.35E+04

2.13E+08

2.10E+03

4.39E+01

4.71E+02

2.75E+02

Use phase
impacts

1.56E+07

3.15E+00

2.04E+07

8.63E+05

8.91E-02

3.03E+05

4.33E+05

1.11E+09

7.02E+02

1.03E+02

4.33E+03

3.26E+03

Recycling avoided
impacts

2.27E+04

-6.47E-01

1.41E+05

7.48E+03

-2.25E-04

3.34E+05

1.75E+05

2.18E+08

2.26E+02

1.34E+01

3.10E+02

9.01E+01

Transport

1.80E+05

6.44E-03

1.61E+05

1.12E+04

1.88E-03

4.10E+03

1.22E+03

4.64E+06

1.67E+01

6.42E+00

1.94E+02

2.11E+01

Total

1.67E+07

3.75E+00

2.12E+07

9.29E+05

9.42E-02

1.45E+05

3.53E+05

1.11E+09

2.60E+03

1.40E+02

4.69E+03

3.47E+03

Scenario A (3)
Scenario B (New)

kg 1,4DB eq

kg 1,4DB eq

kg 1,4DB eq

kg 1,4DB eq

kg
C2H4
eq

kg SO2
eq

kg
PO4--eq

Acidification

Eutrophication

kg
CFC-11
eq

Photochemical
oxidation

kg CO2
eq

Ozone layer
depletion
(ODP)

MJ

Global
warming
(GWP100a)

Terrestrial
ecotoxicity

Abiotic
depletion (fossil
fuels)

Marine aquatic
ecotoxicity

Sb

Fresh water
aquatic ecotox.

kg
eq

Human toxicity

MJ

Phase

Abiotic
depletion

Cumulative
energy demand

ISOKON

Manufacturing
impacts

3.52E+04

7.75E-02

2.67E+04

2.56E+03

1.46E-04

1.49E+04

5.72E+03

1.21E+07

5.80E+01

1.75E+00

2.02E+01

1.55E+01

Use phase
impacts

1.49E+07

1.91E-01

5.32E+06

6.30E+05

5.77E-02

4.88E+05

7.37E+05

2.04E+09

1.07E+03

5.28E+02

1.42E+04

4.50E+03

Recycling avoided
impacts

-2.96E+03

-4.06E-02

-1.77E+03

-2.83E+02

-1.77E-05

-3.19E+03

-1.79E+03

-4.40E+06

-3.76E+00

-4.08E-01

-9.24E+00

-6.75E+00

Transport

4.62E+03

1.65E-04

4.11E+03

2.87E+02

4.82E-05

1.05E+02

3.14E+01

1.19E+05

4.27E-01

1.64E-01

4.96E+00

5.40E-01

Total

1.49E+07

2.29E-01

5.35E+06

6.33E+05

5.79E-02

5.00E+05

7.41E+05

2.04E+09

1.13E+03

5.29E+02

1.42E+04

4.51E+03

Manufacturing
impacts

5.30E+04

1.25E-01

4.02E+04

3.85E+03

2.19E-04

2.30E+04

8.90E+03

1.91E+07

8.75E+01

2.69E+00

3.21E+01

2.45E+01

Use phase
impacts

1.49E+07

1.91E-01

5.32E+06

6.30E+05

5.77E-02

4.88E+05

7.37E+05

2.04E+09

1.07E+03

5.28E+02

1.42E+04

4.50E+03

Recycling avoided
impacts

-5.91E+03

-8.11E-02

-3.54E+03

-5.66E+02

-3.55E-05

-6.39E+03

-3.57E+03

-8.79E+06

-7.52E+00

-8.16E-01

-1.85E+01

-1.35E+01

Transport

4.62E+03

1.65E-04

4.11E+03

2.87E+02

4.82E-05

1.05E+02

3.14E+01

1.19E+05

4.27E-01

1.64E-01

4.96E+00

5.40E-01

Total

1.49E+07

2.36E-01

5.36E+06

6.34E+05

5.79E-02

5.05E+05

7.43E+05

2.05E+09

1.15E+03

5.30E+02

1.42E+04

4.51E+03

Annex III. List of components and bill of materials
ESMA FAGOR
Component name

Main material

Weight of material
[kg]

Cabezal

Plastic

Cabezal

Steel

Cabezal

Bronze

Mesa pisadora(Carro, Slide)

Foundry

13,580.98

Mesa pisadora(Carro, Slide)

Steel

17,162.82

Mesa pisadora(Carro, Slide)

Bronze

Mesa desplazable

Steel
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157.78
31,790.22
52.01

56.20
10,425.27
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Mesa desplazable

Aluminium

0.33

Mesa desplazable

Plastic

0.67

Mesa desplazable

Foundry

Equipo hidraulico

Steel

Equipo hidraulico

Aluminium

0.70

Equipo hidraulico

Plastic

1.60

Equipo hidraulico

Foundry

34.00

Equipo hidraulico

Copper

1.60

Equipo neumatico

Steel

Equipo neumatico

Bronze

0.28

Equipo neumatico

Copper

2.50

Equipo neumatico

Aluminium

Equipo neumatico

Plastic

5.57

Equipo neumatico

Zinc

0.87

Equipo neumatico

Brass

7.80

Sistema electronico

Printed circuit board

670.00

Sistema electronico

Plastic

640.00

Sistema de engrase

Steel

116.75

Sistema de engrase

Plastic

1.50

Sistema de engrase

Aluminium

6.50

Conjunto de implantacion

Steel

1,930.00

Iluminacion

Steel

0.14

Mesa

Steel

42,721.05

Mesa

Bronze

Base

Steel

32,000.00

Montantes y tirantes

Steel

30,550.00

Resguardos

Steel

300.34

Cojin interior

Steel

21,101.56

Cojin interior

Bronze

91.72

Cojin interior

Plastic

160.57

Pinturas

Paint

325.00

Pinturas

Cataliser

Main motor and Kinematic chain

Steel

25,495.00

Transfer unit

Steel

2,082.00

123.73
20,720.94

206.21

12.55

1,637.04

92.00

TOSHULIN
Component name

Main material

Weight of material
[kg]

machine frame

Foundry

23,000.00

rail-head

Foundry

3,500.00

rail-head

Steel

500.00

enclosure

Steel

1,500.00

LEVEL-UP | GA n. 869991
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tool-holders

Steel

800.00

hydraulic unit

Steel

400.00

cooling unit

Steel

260.00

chip conveyer

Steel

700.00

coolant tank

Copper

400.00

electrical HW - machine

Steel

200.00

electrical HW - machine

Copper

60.00

electrical HW - machine

Plastic

720.00

electrical HW - cabinet

Steel

900.00

electrical HW - cabinet

Copper

40.00

electrical HW - cabinet

Plastic

20.00

ISOKON
Component name

Main material

Weight of material
[kg]

700W heating resistor

Steel

1.20

1500W heating resistor

Steel

1.60

1100W ceramic heating resistor

Ceramic

1.40

2800W ceramic heating resistor

Ceramic

1.90

pressure transducer + thermocouple

Steel

0.30

J-Fe/cost. 2ml thermocouple

Steel

0.40

Siemens 3TK2801 emergency card

Plastic

0.50

Structural components

Steel

1,032.70

Extrusion die

Steel

75.00

Extrusion cylinder

Steel

150.00

extrusion drive (big motor)

Copper

25.00

transport drive (smaller motor)

Steel

10.00

Electrical cabinet with components

Steel

120.00

Cooling bath for profiles

Steel

150.00

Profile transporter after cooling bath

Steel

100.00

Entire profile cutter with blade saw

Steel

150.00

Sorting of profiles cut to given length

Steel

80.00
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